Axial spondyloarthritis (axSpA) is a chronic and inflammatory rheumatic disease characterized by pain, structural and functional impairments, and reduced mobility and potential deformity of the axial skeleton. Treatment of axSpA includes pharmacological and non-pharmacological therapy. However, in the biologic era, unmet needs still remain for patients intolerant to or non-responders to biologic drugs and despite the development of new treatments, physical therapy and rehabilitation are of crucial importance in the management of axSpA patients. The aim of this manuscript is to review the current evidence on the assessment, physical therapy, and rehabilitation in axSpA patients.
INTRODUCTION
Axial spondyloarthritis (axSpA) is a group of chronic inflammatory diseases that affect mainly the axial skeleton, with a possible association with other articular and extra-articular manifestations. A hallmark of these conditions is the presence of inflammatory back pain due to the development of enthesitis, especially at the level of the sacro-iliac joints and spine, with the possible involvement of peripheral entheseal structures such as Achille's tendon insertion [1, 2] . A few years ago, the Assessment of SpondyloArthritis International Society (ASAS) proposed and validated classification criteria for axSpA [2] , which included both non-radiographic axSpA (nr-axSpA) and radiographic axSpA or ankylosing spondylitis (AS). This latter entity is characterized by new bone formation and ankylosis in sacro-iliac joints and spine, leading to functional impairment, postural alterations, deformity, and disability, with a significant reduction of quality of life, especially for patients with long-standing disease [2] . In the last 15 years, treatment of axSpA has been revolutionized since the introduction of biologic drugs. Anti-tumor necrosis factor (TNF) and anti-interleukin (IL) 17 proved efficacy and effectiveness in randomized clinical trials (RCTs) and in real-life settings in the reduction of pain, spinal inflammation, and in the induction of a status of low disease activity and remission. These drugs also demonstrated efficacy in the improvement of articular function and quality of life. Furthermore, recent data seem to suggest a reduction in the progression of spinal damage [3] [4] [5] [6] [7] . However, unmet needs still remain for patients being intolerant or nonresponders to biologic drugs and despite the development of new treatments, physical therapy and rehabilitation are of crucial importance in the management of axSpA patients [7] .
The aim of this paper is to review the most updated evidence on the role of physical therapy and rehabilitation in both AS and nr-axSpA, with a focus on the assessment of patients and on the new instruments and approaches. A search on PubMed using the terms ''assessment'', ''physical therapy'', ''rehabilitation'', ''exercise'', ''axial spondyloarthritis'', and ''ankylosing spondylitis'' was performed. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
ASSESSMENT
The assessment of axSpA patients can be a complex process and has to take into account several factors comprising, but not limited to, disease activity, pain, articular function, quality of life, workability, and psychological factors. Recommendations for outcome assessment of AS were proposed by the ASAS/Outcome Measures in Rheumatology (OMERACT) group about 20 years ago [8] .
The nine previously selected domains comprised pain, stiffness, physical function, fatigue, spinal mobility, peripheral joints, enthesis, X-rays of the spine, and laboratory assessment of inflammation. The ASAS/OMERACT Core Set was not primarily developed to assess the impact of the disease on functioning but to measure all aspects of outcome. Moreover, the ASAS/OMERACT Core Set recommendations proposed the minimal domains to be measured in trials or for clinical record. In 2010, an International Classification of Functioning, Disability and Health (ICF) core set was developed and included in the Brief ICF Core Set for AS, with the aim to represent the new reference to define functioning in AS and facilitate clinicians' and researchers' efforts to incorporate a patient-oriented, multilevel, and comprehensive view on functioning in axSpA [9] . More recently, the ASAS/OMERACT groups developed a new core set of domains, representing the minimum of variables that should be collected for both AS and nr-axSpA. Specific instruments for the assessment of function, pain, fatigue, and quality of life were developed and proposed. The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) that encompasses six items, and the new index Ankylosing Spondylitis Disease Activity Score (ASDAS) that comprises the evaluation of C reactive protein (CRP), should be used to assess disease activity. Two indices should be used to measure function in axSpA: the Bath Ankylosis Spondylitis Functional Index (BASFI) and the Dougados Functional Index (DFI), while, to assess spinal stiffness and pain, the visual analogue scale is used. The assessment of spinal mobility should be performed using the Bath Ankylosing Spondylitis Metrology Index (BASMI) that measures the mobility of the spine. To evaluate quality of life, composite outcome measure should be used, such as the ASAS Health Index and the AS quality of life (ASQoL) questionnaire [10] . ASAS has brought parsimony in this multitude of outcome measures by prioritizing aspects of validity and feasibility. These indices will help to create a better understanding of all aspects of axSpA, and are widely used to evaluate the efficacy and effectiveness of physical therapy intervention in most of the studies and in clinical practice.
PHYSIOTHERAPY AND EXERCISE IN AXSPA
Physiotherapy interventions for axSpA have shown to be an important part of the management of the disease, with a tendency to be more effective when done as a supervised outpatient group [11] . The cornerstone of physical therapy in axSpA is exercise, which is performed with the aim of reducing important components of the burden of axSpA such as pain, stiffness, and to improve function.
Studies on the biopsychosocial approach have shown the relationship between disability and chronic pain. Pain and pain-related disability will affect individuals biologically, psychologically, and socially. Some studies have shown that pain-related behavior causes learning of avoidance. Individuals are not able to sustain the activities that they believe will increase their pain for a long time. Avoidance of long-duration movements leads to a reduction in motor activities due to physical (incapacity syndrome as a result of loss of mobility and muscle strength) and psychological (depression and loss of self-esteem) factors [12, 13] . Together with anatomical changes due to new bone formation, pain-related behavior represents an important aspect that should be taken into account in patients with axSpA starting physical therapy.
Regular exercise is considered to be a key component in the management of axSpA [7] and has shown to reduce disease activity, pain, and stiffness and improve physical functioning, chest expansion, spinal mobility, and cardiorespiratory function in axSpA patients. It also has the potential to reduce depressive symptoms [14] [15] [16] . Supervised group exercise showed a greater improvement in quality of life, spinal mobility, and patient global assessment than unsupervised, individual exercise programs [17] .
NON-RADIOGRAPHIC AXIAL SPONDYLOARTHRITIS
Evidence of the effectiveness of physiotherapy on the ''early'' stage of AS and in nr-axSpA are recent, since the introduction of ASAS criteria in 2006. Interestingly, Levitova et al. recently showed that exercise therapy is beneficial for both radiographic and non-radiographic subgroups of axSpA, using a combination of different methods (strengthening and spinal traction, spinal exercises, posture correction, elements derived from Pilates, muscle stretching, and home-made based exercise). In addition to a better mobility, disease activity assessed with ASDAS improved after an intensive exercise program. Furthermore, a decrease in serum calprotectin levels in both axSpA subgroups was found, suggesting improvement even in the objective inflammatory markers [18] .
Recently, benefits of exercise in axSpA on both clinical and laboratory parameters of bone turnover was studied: in a study aimed to investigate the patient-reported outcomes and extracellular matrix-derived biomarkers in both AS and nr-axSpA after exercise intervention, global disease activity improved significantly, and the change in disease activity was almost identical for nr-axSpA and AS. However, the quality of life was not changed and biomarkers were not influenced by exercise therapy. This indicates that exercise therapy is important for patients' health but it seems to not affect extracellular matrix turnover [19] .
However, the evidence of effectiveness of rehabilitation programs and physiotherapy in the early stages of axSpA is still lacking because of the limited number of studies performed on this subset and the different approach used for physical therapy. Furthermore, studies on this aspect showed controversial results. In a recent study involving the DESIR cohort, no functional improvement in patients with early axSpA treated with early physical therapy (at least eight supervised sessions of physical therapy during the first 6 months) was found, and the authors concluded that it seems to be no functional benefit for patients with early SpA treated early by physiotherapy in daily clinical practice [20] . On the other hand, recent work revealed a beneficial effect of McKenzie training in patients with early SpA: after 12 and 24 weeks of exercises, Rosu et al. reported significant improvement in pain, metrology, disease activity, and function in the McKenzie group in respect to patients treated with classic kinetic exercises and concluded that specific McKenzie training should be included in the standard care, especially in early axial disease patients [21] .
ANKYLOSING SPONDYLITIS
The most important advances in the field of physical therapy in AS are summarized in two recent publications [22, 23] . Zäo and Cantista conducted a systematic review of 35 clinical trials, the majority of which showed positive effects of physical exercise in the control of disease activity, pain, mobility, function, and quality of life. Pécourneau et al. [22, 23] performed a meta-analysis that combined data from eight RCTs comparing exercises versus a control group and showed a significant improvement in disease activity (measured with the BASDAI) and physical function (measured with the BASFI). The magnitude of the effect is largest in the RCTs in which aerobic and strengthening programs predominate over the classic stretching and breathing programs [24, 25] . Recently, the added value of hydrotherapy and education within the standard group exercise was demonstrated [22] .
However, although exercise programs showed efficacy in AS, the fear that physical activity may cause pain as a result of kinesiophobia in individuals will cause a decrease in muscular strength and functional activities and in the ability to move in the long term [12] . This aspect should be carefully evaluated in the management of patients.
Most studies showed a statistically significant improvement with exercise programs in several outcomes: pain, disease activity, mobility, function, cardiorespiratory function, depression, and quality of life. The improvement was not statistically significant in all outcomes measured only in three studies, namely in the study conducted by Altan et al., which intervention was based on Pilates [26] and in two other studies concerning home exercise, in which there were statistically significant improvements regarding mobility but not in disease activity and functionality [27, 28] . Home exercise has proven to be beneficial when performed five times per day, at least for 30 min. Its effect may be limited by poor compliance or incorrect understanding on how to perform the exercises. Thus, it is essential to invest in teaching exercise performance correctly.
A combined exercise program (range of motion, strengthening, and aerobic exercises) seems to be more beneficial than range of motion exercises alone [22] .
COMBINED PHARMACOLOGICAL AND REHABILITATION PROGRAMS
With the development of biologic drugs, the possibility to combine effective pharmacological treatment strategies with rehabilitation programs was explored [29] .
Different studies showed that the combination therapy of anti-TNF treatment plus rehabilitation was more effective in terms of symptom severity, functional and quality of life indices, activities of daily living, exercise parameters, and anthropometric measurements, compared with biologic alone. In most of the studies involving TNF inhibitor therapy, the patients were stabilized on their TNF inhibitor before the start of the rehabilitation program.
In two studies, in which patients with AS were initiated to etanercept after they had undergone intensive rehabilitation or at the same time as starting exercise therapy, the combination improved function, disability, and quality of life compared to either rehabilitation without etanercept or with etanercept alone [29] .
A cross-sectional survey of 32 AS patients showed that levels of home-based patient exercise (walking and swimming) increased with anti-TNF compared with prior to anti-TNF treatment [30] . In addition, patients perceived mild to moderate benefits in stiffness, function, fitness, and overall outcome from physical therapy and anti-TNF, and motivation levels for exercise improved significantly with anti-TNF treatment. A second study in which patients started a rehabilitation program before anti-TNF therapy showed that although patients achieved improved metrology (spine mobility/ stiffness), pain and disease activity on rehabilitation alone, further significant improvements in mobility, pain, and disease activity were seen when patients started anti-TNF therapy together with improvements in function and fitness. Data from these reports suggest that combined anti-TNF therapy plus physiotherapy is more effective in terms of symptom severity, disease activity, disability, and quality-of-life indices versus biologic alone or rehabilitation with standard medical therapy, or, in non-comparative studies, compared with baseline. The most effective rehabilitation appears to be supervised or performed with in-patient programs with an educational component. Available data do not provide guidance on most appropriate endpoints or identify patients most likely to benefit from combination therapy. Combined, TNF inhibitor and rehabilitation therapy appear to have a synergistic effect, possibly due to increased adherence to exercise [29] [30] [31] [32] .
CARDIORESPIRATORY EXERCISE
In the general population, it is well known that cardiorespiratory exercise has beneficial effects on general health, emotional distress, fatigue, and mood [33] . This aspect was investigated in patients with axSpA: in a recent study, axSpA patients fulfilling the ASAS criteria were enrolled to perform high-intensity interval exercise on a treadmill (4 min of walking/running at 90-95% of maximal heart rate followed by 3 min of active resting at 70% of maximal heart rate), repeated four times 2 days a week. Authors reported a significant beneficial effect of the intervention on fatigue, emotional distress, and ability to do the day's activity [34] .
Karapolat et al. investigated the effects of adding aerobic exercise to a stretching and mobility exercise program. The addition of swimming significantly increased walking distance on 6-min walk test compared to exercise alone, but no significant between-group differences were observed in cardiorespiratory variables [35] . Niedermann et al. found that the addition of aerobic training to a flexibility program increased cardiorespiratory fitness measured with a submaximal bicycle test, but did not result in a significant difference in cardiovascular risk factors (cholesterol and triglycerides) [36] . There were no significant between-group differences in disease activity, quality of life or spinal mobility. Following a 3-month multimodal group exercise intervention, a significant improvement was observed in physical work capacity on a bicycle ergometer and predicted vital capacity [37] . Durmus et al. [38] reported a significant increase in distance walked in a 6-min walk test following exercise compared to controls; no significant betweengroup differences were observed in pulmonary function tests [15, 38] .
EDUCATION
Education is an important part of the management of axSpA. A discussion on the definition and symptoms of the disease, findings, impacts on internal organs, pharmacological treatments, benefits of surgical procedures, dieting and weight control, together with providing general principle of anatomy and physiology of the spine, is of crucial importance in maintaining compliance and benefits of rehabilitative programs.
Patients with AS showed a high level of knowledge of their disease, although some wrong beliefs about the role of blood tests, the HLA-B27 antigen, and inheritance was observed [39] . However, poor information is available on their knowledge about exercise programs. A recent study showed a significant improvement in disease activity, quality of life, and spinal mobility at the end of the 3-month period in AS patients receiving educational programs in respect to the control group. This finding suggests that educational programs and group exercise sessions held in controlled hospital setting promote better improvement [40] . More recently, with the widespread access to web applications, physician have the possibility of prescribing exercises in patients with axSpA combined with a specific training program following a web application based on multimedia animations and, potentially, increase a patient's compliance and satisfaction [41] .
Furthermore, helping rheumatologists and other physicians who treat patients with axSpA to know the benefits and limitations of exercise and to prescribe it, with educational sessions, could be useful to better manage patients.
CONCLUSIONS
Current evidence has demonstrated the beneficial effects of physiotherapy in patients with AS. However, the effects on nr-axSpA are still debated and further evidence is needed to support this approach. Expanding traditional programs of exercises to include aerobic components, cardiorespiratory exercises, and educational programs may improve clinical outcomes, although the most effective exercise protocol still remains unclear.
